Introduction
Asthma is a common disease, and its prevalence is increasing worldwide. 1 The estimated prevalence was 7.9% among Japanese men and 7.55% among Japanese women. 2 Preventing death from an asthma attack is the main goal when treating patients with asthma. 3 The widespread use of inhaled corticosteroids over the past three decades has decreased asthma mortality. 4 In 2012, 1,874 patients died of an asthma attack, while over 7,000 patients died every year in the 1970s when inhaled corticosteroids were not a standard asthma medication in Japan. 5, 6 Since elderly adults have shown a high mortality rate, the prevention of asthma deaths in elderly patients is a major component in decreasing the total number of asthma deaths. [7] [8] [9] However, elderly asthma patients may die of other causes besides an asthma attack.
Chronic obstructive pulmonary disease (COPD) is one of the diseases that must be distinguished from asthma, and the two diseases sometimes overlap. COPD was the third leading cause of death worldwide in 2010. 10 Causes of death in patients with COPD have been investigated in several studies. [11] [12] [13] [14] The most frequent causes
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harada et al of death were malignancies, acute respiratory failure, and cardiovascular diseases. 11 Further, emphysema was reported as an independent risk factor for lung cancer apart from smoking history. 15 Patients with both asthma and COPD have high mortality rates, 16 frequent exacerbations, 17 and poor quality of life 18 compared with those with asthma or COPD alone. Patients who have features of both asthma and COPD are defined as having asthma-COPD overlap syndrome (ACOS). 19 However, causes of death in ACOS patients have not been well studied.
In this study, we surveyed malignant disease as a comorbidity and investigated causes of death in patients with asthma and ACOS. We also surveyed the histology of lung cancers in these patients.
Patients and methods
Patients and data collection
This study was retrospective in design. Patients who visited Tottori University Hospital and had been treated for asthma from January 2000 to March 2012 were surveyed. During the study period, 2,214 patients were treated for asthma, and 650 patients were diagnosed with asthma according to American Thoracic Society criteria 20 and followed through to the end of March 2012. Medical records were reviewed to collect data on age, sex, smoking status, comorbidities, past history, whether the patient was alive or dead at the end of March 2012, and the cause of death (if applicable). The study was approved by the institutional ethics board of Tottori University.
Measurement of pulmonary function
Pulmonary function tests were performed using a Chestac 33 spirometer (Chest Co, Tokyo, Japan). The highest forced vital capacity (FVC) and forced expiratory volume in one second (FEV 1 ) values from a minimum of three pulmonary function tests were recorded.
Diagnosis of aCOs
A clinical diagnosis of ACOS was made based on the guidelines published by GINA (Global Strategy for Asthma Management and Prevention). 19 Briefly, an ACOS diagnosis was made in cases with a previous diagnosis of asthma, a smoking history of at least 10 pack-years, persistent airflow limitation (a post-bronchodilator FEV 1 to FVC ratio 0.7), and respiratory symptoms, such as dyspnea on effort, cough, and sputum. 
Severity of airflow limitation
Results
Patient characteristics
A total of 650 patients were analyzed. The average age, sex, smoking status, and number of patients with ACOS are shown in Table 1 . Among the total group of patients, 176 (27.1%) presented ACOS. Eighty-seven patients died during the survey period. The average age, percentage of males, percentage of current or ex-smokers, and percentage of ACOS diagnoses were significantly higher among patients who died (P0.01, Table 1 ).
Comparison of characteristic features of patients with asthma and aCOs
We compared the characteristic features of patients with asthma and ACOS ( Table 2) . Patients with ACOS were significantly older (P0.01), more likely to be male (P0.01), had high percentages of current and past smoking histories (P0.01), low FEV 1 /FVC % values (P0.01), and low FEV 1 % predicted values (P0.01). The average immunoglobulin E level was higher in ACOS patients, but the difference was not statistically significant. The percentage of patients with malignant disease was significantly higher among ACOS patients (P0.01); the percentage of patients who died among all patients was higher in patients with ACOS than those with asthma (P=0.0192, Table 2 ).
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Causes of deaths in asthma and aCOs 
Causes of death in all patients
Among the 87 patients who died, 49 (56.3%) died of malignant disease. Among patients with malignancy, the percentage who died from lung cancer was highest (13 cases, 14.9%), hepatobiliary cancer was second highest (12 cases, 13.8%), and gastrointestinal cancer was third highest (eight cases, 9.2%).
In addition, 15 patients died of pneumonia, ten of cardiovascular disease, and eight died a sudden death (two of whom died in a bathroom). One patient died of an asthma attack ( Table 3) .
Causes of death in 87 patients according to diagnosis of asthma or aCOs
We then compared the causes of death between patients with asthma and those with ACOS. The proportion with malignant disease was 57.4% in patients with asthma and 54.5% in patients with ACOS. Among the malignant diseases, lung cancer and hepatobiliary cancer were the highest and second highest causes of death in asthma patients, while gastrointestinal cancer and urological cancer were the most frequent causes of death in ACOS patients. In both groups, the percentage of pneumonia-related deaths was the highest among deaths caused by benign disease. The second highest cause of death among the benign diseases was cardiovascular disease in patients with asthma and sudden death of unknown cause in patients with ACOS (Table 4) .
Causes of death in 54 asthma patients classified by degree of airflow limitation
We analyzed the causes of death in 54 asthma patients classified by airflow limitation. In the group with mild or moderate airflow limitation (FEV 1 % predicted 50%), the number of patients with malignant disease was high. In the group with severe airflow limitation (FEV 1 % predicted 50%), the numbers of patients with malignant disease and pneumonia were equivalent ( Figure 1A ).
Causes of death of 33 aCOs patients classified by degree of airflow limitation
We next analyzed the causes of death in 33 ACOS patients classified by airflow limitation. In the group with mild or Figure 1B ).
Prevalence of malignancy in patients with asthma and aCOs
In this study, we also surveyed all malignancies during the period from January 2000 to March 2012. Among 149 patients with malignancy, 92 and 57 had asthma alone and ACOS, respectively. Lung and mediastinal malignancies were most frequently observed in asthma patients and second most frequently observed in ACOS patients. In ACOS patients, gastrointestinal cancer was the most commonly observed malignant disease and urological cancer was the third; in asthma patients, gastrointestinal cancer was the second and urological cancer was the third. Therefore, these three malignancies were most frequently observed in patients with asthma and ACOS ( Table 5) .
histology of lung cancer in patients with asthma and aCOs
Since lung cancer was frequently observed in this study, the histology of lung cancer was surveyed (Table 6 ). In the asthma group, the proportion of adenocarcinoma was high (78.3%). On the other hand, the proportion of squamous cell carcinoma was slightly higher in the ACOS group (46.7%), while proportion of adenocarcinoma was 40.0%.
Discussion
In this study, we surveyed causes of death in patients with asthma and ACOS. The increased mortality in ACOS may be caused by older age and more smoking consumption compared with asthma. Among patients with asthma, malignant disease was the leading cause of death, pneumonia was the second highest, and cardiovascular disease was the third highest. When patients were divided into asthma and ACOS groups, similar results were obtained. In the general Japanese population, malignant disease is the leading cause of death, cardiovascular disease is the second, and pneumonia is the third. 5 There are several reports about causes of death in patients with asthma. [22] [23] [24] Soto-Campos et al reported that the most common causes of death were cardiovascular disease, malignancy, and infection in asthmatic patients. 11 In elderly asthmatic patients, cardiovascular diseases, non-neoplastic lung diseases, and neoplastic diseases were the most common causes of death. 23, 25 Causes of death in COPD patients have been investigated in several studies, and the main causes were respiratory failure, cardiovascular disease, and lung cancer. 14 In this study, lung cancer was the fifth leading cause of death, while the most frequent cause of death in ACOS patients was pneumonia. We did not find any death from respiratory insufficiency. Rodriguez-Roisin et al reported that the degree of airflow limitation was related to the cause of death in COPD patients. As a cause of death, the lower the FEV 1 , the more frequent is respiratory failure. However, in patients with mild airflow limitation, lung cancer was the most frequent 
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Causes of deaths in asthma and aCOs 26 In our study, causes of death were classified according to the degree of airflow limitation. In patients with asthma or ACOS with mild or moderate airflow limitation, malignant disease was the most frequent cause of death. In patients with asthma or ACOS with severe or very severe airflow limitation, the same numbers of patients died from infectious and malignant diseases. Therefore, malignant disease, including lung cancer, was the most frequent cause of death in patients with milder airflow limitation, although the present study population was small. In this study, we observed 149 patients with malignant disease, including 38 with lung cancer; the most frequent histological type was adenocarcinoma in asthma patients and squamous cell carcinoma in ACOS patients. Asthma has been hypothesized to be associated with an increased or decreased risk of lung cancer; however, a pooled analysis showed that the relative risk of lung cancer associated with asthma was 1.28, with large heterogeneity. 27 A recent large pooled study showed that asthma had an inverse association with lung cancer. 28 Further, a history of atopic disease has been reported to be associated with a reduced risk of cancer. 29 Immunoglobulin E levels were higher in patients with malignancy than in those without malignancy (399.0 IU/L and 567.4 IU/L, respectively). Although the protective effects of asthma and atopic disease against cancer are not clear, it is interesting that immunoglobulin E levels were higher in patients with asthma and malignant disease. Further study is warranted to clarify the relationship between atopy and lung cancer in patients with asthma and ACOS.
Lung cancer was the major comorbidity and cause of death in COPD patients, 14, 30 and emphysema was an independent risk factor for lung cancer apart from smoking history and degree of airflow limitation. 15, 31, 32 Recent studies have shown that COPD, emphysema, and chronic bronchitis were associated with an increased risk of lung cancer, while asthma was associated with a decreased risk. 27, 28 In this study, we found that the prevalence of lung cancer was similar between patients with asthma and those with ACOS.
We diagnosed ACOS referring to the ACOS statement. 19 We enrolled patients with persistent airflow limitation and a smoking history of at least 10 pack-years. The prevalence of COPD increased with increasing smoking history. 33 However, some COPD patients have no smoking history, 34 and asthma itself is a risk factor for COPD. 35, 36 However, it is difficult to distinguish patients with asthma who have airway remodeling and persistent airflow limitation from patients with ACOS among those with a light or no smoking history and without emphysema or low attenuation areas observed on chest computed tomography. Therefore, we set the cutoff value for smoking history to 10 pack-years according to previous clinical studies on COPD. 37, 38 In this study, the prevalence of ACOS in all asthma patients was 27.1%. When the analysis was restricted to patients over 65 years of age, the prevalence of ACOS was 35.3% (133 ACOS patients among 377 patients with asthma). Soriano et al reported that the rate of COPD overlap increased with age, and more than half of patients with asthma aged 80 years or older presented with COPD overlap. 39 de Marco et al reported on the prevalence of asthma and COPD coexisting in the young, middle-aged, and elderly general population. 40 They found that the frequency of ACOS was 1.6%, 2.1%, and 4.5% in the groups aged 20-44, 45-64, and 65-84 years, respectively; while the frequency of asthma was 8.2%, 4.9%, and 2.9% in the groups aged 20-44, 45-64, and 65-84 years, respectively. Although they did not mention the prevalence, about 23% of patients were estimated to have ACOS. 40 Therefore, the prevalence of ACOS in patients with asthma in this study was consistent with the findings of previous studies.
Eight patients died suddenly; two patients died in a bathroom and two died after drinking alcohol. All these patients were seen by their family or friends without any symptoms of asthma within 12 hours of death. Although we could not completely exclude an asthma attack as the cause of death, they probably died of cardiovascular events, and we defined their deaths as sudden death/unknown death. 
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Causes of deaths in asthma and aCOs A limitation of this study was that we could not survey all patients with asthma and ACOS. Some asthmatic patients with no or few respiratory symptoms stopped visiting our hospital or changed to another hospital when their respiratory symptoms disappeared. A further limitation of this study was that the sample size was too small to compare causes of deaths between asthma and ACOS. The study was also retrospective in nature, and did not include patients with COPD alone. Prospective studies are necessary to study mortality risk factors in asthma, COPD, and ACOS patients in larger cohorts.
In conclusion, the most frequent cause of death in patients with asthma and ACOS was malignant disease. It is necessary to control both asthma and comorbidities in patients with asthma, and especially in those with ACOS.
